INTRODUCTION
A nuclear antigen, HATNA, was demonstrated in cell fines carrying Herpesvirus ateles (HVA) by binding the antigen to acid-fixed amphibian erythrocytes, followed by anti-complement immunofluorescence staining (ACIF) (Ohno et al., 1979) . The acid-fixed nuclear-binding (AFNB) technique amplifies the detection of nuclear antigen that occurs in quantities too small to permit direct or indirect fluorescent staining. For the HATNA reaction, DNA-binding proteins were extracted from marmoset lymphoid lines carrying HVA, incubated with acid-fixed frog or salamander erythrocytes, and subsequently stained by ACIF. Only marmoset lines carrying HVA and not lymphoid fines carrying Epstein-Barr virus (EBV) or Herpesvirus papio (HVP) expressed HATNA (Ohno et al., 1979) . It is of interest that all the transforming DNA viruses, irrespective of size or derivation, specify one or several species of DNA-binding proteins that are detectable as nuclear antigens (T antigens, EBNA, etc.) and often show considerable similarities in biochemical properties . In the papovavirus systems, one form of the nuclear antigen was found to trigger virus DNA synthesis, whereas another form is believed to mediate the transforming action of the virus (Reed et al., 1975; Tegtmeyer, 1975; Tjian et al., 1978) . Among the lymphotropic herpesviruses, the EBV-determined nuclear antigen, EBNA, is best known. It is found in all cells carrying EBV DNA, in quantities roughly proportional to the number of virus genomes (Reedman & Klein, 1973; Ernberg et aL, 1977; Shapiro et al., 1979) . HATNA is much more difficult to detect than EBNA. This is the reason why it cannot be demonstrated by in situ ACIF staining. We were unable to show its presence regularly in all cell lines carrying HVA. The reasons for this can be quantitative or qualitative. In order to approach Falk et aL, 1974b Raji Epstein et al., 1966 this problem, we have determined the number of HVA genome equivalents in a spectrum of marmoset-derived cell lines and related it to the detectability of HATNA.
METHODS
Cell lines. The origins of the marmoset lymphoid cell lines are described in Table 1 . The cell cultures were maintained in RPMI 1640 medium with 10% foetal bovine serum, 100 units/ml penicillin and 100/lg/ml streptomycin.
Preparation of cell extracts and AFNB staining. Essentially the same procedure was used as described by Ohno et al. (1979) . Crude supernatants were prepared from 1 × 108 cells, frozen and thawed three times and centrifuged at 8000 g for 30 min at 4 °C. For the AFNB test, frog erythrocytes (FRBC) or salamander erythrocytes (SalRBC) were incubated with the extract at 4 °C for 60 min, instead of 37 °C, in order to reduce enzymic degradation of DNA-binding proteins. ACIF was performed as previously described using a serum from an HVA-boosted squirrel monkey which is known to contain anti-Herpesvirus saimiri (HVS) late antigen and anti-HATNA antibodies (serum number 16300 kindly supplied by Dr M. D. Daniel, New England Regional Primate Center, Southborough, Mass., U.S.A.). Some antigen preparations were tested for their ability to inhibit a positive AFNB reaction by absorption of the HATNA-positive serum (diluted 1:4) with various dilutions of soluble concentrates of l0 s HVA-or EBV-transformed cells for 2 h at 37 °C then at 4 °C overnight. Anti-HVS-negative control sera were obtained from non-infected squirrel monkeys [anti-HVS(LA) titre less than 1:4].
HVA infectious centre assay. Virus production in the HVA lymphoid cells was tested by an infectious centre assay on owl monkey kidney monolayers under 2% methyl cellulose. HVA plaques were visualized by staining with 1% crystal violet in 20% (v/v) ethanol aqueous solution (Daniel et al., 1971) .
Purification of radioactive virus DNA. HVA DNA was labelled by 3H-thymidine in infected owl monkey kidney cell cultures. The procedure followed was that described by Fleckenstein et al. (1978) . The specific activity of the 3H-labeUed HVA L DNA was 3.5 × 105 ct/min/ag. 
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Extraction of cold DNAfrom cell cultures. Between 500 x 106 and 800 x 106 lymphoid cells were harvested from suspension cultures for the DNA preparation. The cell pellets were suspended and lysed in a 50 mM-tris-HCl buffer pH 7.5 with 10 mM-EDTA and 2% (w/v) Sarkosyl NL. After digestion for 2 h at 37 °C with 100 pg/ml proteinase K (pre-incubated for 1 h at 37 °C), the lysates were extracted once with phenol and once with phenolchloroform-isoamyl alcohol (50:48:2). Thereafter, the nucleic acids were extensively dialysed against 20 mM-tris-HC1 pH 8.5 and subsequently fractionated by isopycnic centrifugation in potassium iodide gradients (Wolf, 1975) . The highly viscous fractions containing DNA were pooled and extracted with chloroform-isoamyl alcohol (24 : 1). After dialysis against 50 mM-sodium bisulphite, 20 mM-tris-HC1 pH 8.5 and subsequently against 20 mM-tris-HC1 pH 8.5, the u.v. spectra were monitored between 220 and 320 nm.
Determination of HVA genome equivalents~cell by reassociation kinetics of virus DNA.
The determination of the concentration of the HVA L DNA sequences in the various cell lines is shown in Fig. I . The increase in the reassociation rate of 74 ng/ml purified 3H-labelled L DNA (sp. act. 3.5 x 105 ct/min/gg) in the presence of 500 gg calf thymus DNA (self-annealing) was measured by the addition of 500 pg/ml cold DNA from the various cell lines. Higher DNA concentrations of 1 mg/ml were used for the cell lines 1022 Erlangen, 22-CM-37 Erlangen, and a lower DNA concentration of 146 gg/ml for the cell line 70-KL1 HVA. Before hybridization, the cold DNA was lyophilized and dissolved in 300 gl water containing the 3H-labelled virus DNA probe. After the addition of 100 gl of a solution of 1 M-NaOH, 1.5 M-NaC1, 50 mM-EDTA and 0.25 % Sarkosyl NL, the samples were boiled for 10 min, cooled to 0 °C and neutralized by the addition of 50gl 2 M-HC1 and 50 gl 2 M-tris-HC1 pH 7-5. Samples were covered with paraffin oil and incubated at 65 °C. Amounts of 50 al were withdrawn at different time intervals. Single-and double-stranded DNA D. R. JOHNSON AND OTHERS Klein et al. (1979) . $ Cell lines tested for production of HVA by co-cultivation with owl monkey kidney cell cultures.
§ NT, Not tested. II NP, Non-producer, less than one infectious unit/106 cells. q P, Producer, one infectious unit/104 to l0 s cells.
fractions were separated by hydroxyapatite chromatography as described previously in detail (Fleckenstein et al., 1975) . The reassociation rate of radioactive L DNA with DNA from the various cell lines was compared with the reassociation rate in the presence of 2 gg/ml purified L DNA of HVA. To estimate the numbers of genome equivalents/cell, the mol. wt. of 3-6 x 1012 was used for cellular DNA and the mol. wt. of 71 x 106 for virus L DNA.
RESULTS

Detection of HVA-associated nuclear antigen (HA TNA ) in HVA-carrying marmoset lymphoid lines
As shown in Table 2 , a DNA-binding, HATNA-reactive protein could be detected by AFNB and/or absorption in 5 out of 12 HVA-carrying cell lines tested. The anti-HATNA reference serum did not react with EBV-carrying marmoset cell lines in the AFNB or absorption tests. Antigen extracts of the 1022, 4156, 22-CM-61 and 22-CM-37 cell lines were also tested against an anti-EBNA-positive serum in the same type of AFNB test with negative results. The AFNB staining and results from absorption tests were in agreement with each other.
There was some variability in the amount of HATNA detected among the positive cell lines, as indicated by the dilution of HATNA extract required to absorb the positive AFNB reaction (Table 2) .
HVA genome equivalents
Determination of the number of HVA genome equivalents (shown in Table 2) revealed that cell lines that carried 95 virus genome equivalents/cell or more had detectable HATNA with only one exception (A651). All other HATNA-negative cell lines had a lower virus genome number. Some cell lines released small quantities of virus (in the range of 1 cell in 104 to 105 cells in a sensitive infectious focus assay), whereas others showed no detectable virus production. However, the virus producer/non-producer status of the lines did not correlate with their average virus genome number/cell or with the detectability of HATNA.
DISCUSSION
These findings confirm that a DNA-binding, presumably nuclear, antigen is associated with HVA-carrying cell lines. It is only detected in the lines with relatively high virus genome number/cell; however, its presence is clearly not related to the producer or non-producer status of the tested cells. In the EBV system, the amount of EBNA/cell was related to the number of virus genome equivalents (Shapiro et al., 1979) . Since HATNA occurs in much smaller quantities than EBNA and requires the double-amplification system of AFNB, in combination with amphibian erythrocytes with a large DNA content, it is conceivable that the method can only detect a small portion of the total protein. Smaller quantities of HATNA may remain undetected. Alternatively, cell lines with smaller virus genome numbers (and the one exception with the large genome number but undetectable HATNA) may not carry the antigen.
The possibility that HATNA is an early DNA-binding protein that only appears during the production of infectious progeny virus, is unlikely for the following reasons. The producing cell lines invariably released virus at a very low efficiency, and this virus release was not reflected by any increase in average number of virus genomes which could have been related to producer status. Moreover, the occurrence of virus release was neither necessary nor sufficient for HATNA detection, since both HATNA-negative virus producer and HATNA-positive non-producer lines were encountered.
Considerable advances have been made recently on the purification of EBNA and its association with a cellular, 53 000 mol. wt. protein (Luka et al., 1977 (Luka et al., , 1978 . The amino acid composition and the peptide mapping of EBNA puts it, together with the cellular 53K protein, in a relatively characteristic group of nuclear proteins, different from histones and globular enzymes, but not very different from T antigens of the small oncogenic DNA viruses. Biochemical studies of HATNA will be of great interest and may also give further information about the postulated analogy between HATNA and the nuclear antigen associated with other lymphotropic herpesviruses.
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